Diels-Alder (DA) reactions of 2(1H)-pyridones having an electron-withdrawing group at the 4-position with 2,3-dimethoxy-and 2-methoxy-1,3-butadienes gave isoquinoline derivatives. Furthermore, an isoquinoline alkaloid (6,7-dimethoxy-2-methyl-1(2H)-isoquinolone) was synthesized by elimination of hydrogen cyanide and dehydrogenation of the DA-adduct having a cyano group at the 4a-position.
2(1H)-Pyridones are classified as aromatic heterocycles, nevertheless there are many reports 1, 2) for Diels-Alder (DA) reactions of 2(1H)-pyridones acting as a diene. However, publications of the reactions of 2(1H)-pyridones acting as a dienophile are a few.
3a-e) Previously, we have reported a novel synthetic methodology of isoquinoline derivatives by the reactions of 1-alkyl-2(1H)-pyridones having an electronwithdrawing group at the 4-position with several kinds of alkylated 1,3-butadienes.
3a-c) Herein, we have focused our continuing efforts on obtaining isoquinoline derivatives having methoxy groups, which are commonly found in many isoquinoline alkaloids. In the present paper, we wish to report DA reactions of 2(1H)-pyridones bearing an electronwithdrawing group at the 4-position acting as a dienophile with methoxy-1,3-butadienes and its application to an alternative synthesis of an isoquinoline alkaloid (6,7-dimethoxy-2-methyl-1(2H)-isoquinolone).
4)
First, we tried DA reactions of four kinds of 2(1H)-pyridones (1-4) having a cyano, a methoxycarbonyl, an acetyl, and a benzoyl group, respectively, at the 4-position with 2,3-dimethoxy-1,3-butadiene (6). The reactions of 1-4 with 6 were carried out under the reaction conditions (170 or 180°C and 5 or 6 d) as shown in Table 1 , and the corresponding cisadducts (9-12) were obtained stereoselectively in 52%, 33%, 58%, and 18% yields, respectively. Isomerization of 10 using LDA as a base at Ϫ78°C proceeded to give the transadduct (13) in 62% yield (Chart 1 and Table 1 ). The stereochemistries of the ring juncture in 9-13 were confirmed by examination of the 1 H-NMR spectra. Generally, the signals due to H-8a in the cis-adducts appear at 2.84-2.97 ppm, and those in the trans-adducts are located at 2.00-2.80 ppm 3a-c) (Chart 2). The corresponding signals of 9-12 appeared at 3.03-3.22 ppm in their 1 H-NMR spectra, respectively. Therefore, the stereochemistries of the ring juncture in 9-12 were confirmed as cis. On the other hand, 13 was deduced as a trans form, since the signal due to H-8a in the 1 H-NMR spectrum was observed at 2.70 ppm. In addition, DA reactions of 1 and 2 with 2-methoxy-1,3-butadiene (7) were performed at 160°C for 4 d and the cis-adducts (14, 15) were produced regio-and stereoselectively in 30% and 26% yields (Chart 1 and Table 1 ). The position of the methoxy group in 14 and 15 was examined as follows. The 1 H-1 H correlation spectroscopy experiments for 14 and 15 did not confirm a correlation between the methylene protons at C-8 and the olefinic proton in their cyclohexene moiety. Based on these data, the methoxy group in 14 and 15 is located at C-7. Moreover, as the signals due to H-8a in the 1 H-NMR spectra of 14 and 15 were observed at 3.06 and 3.20 ppm, the cisstereochemistries of the ring juncture in them were confirmed.
Furthermore, we examined DA reactions of N-unsubstituted 4-methoxycarbonyl-2(1H)-pyridone (5) with the butadienes [6 and 2,3-dimethyl-1,3-butadiene (8)]. As the results, 5 reacted with 8 at 180°C for 6 d and the desired DA products were obtained in 52% yield as a mixture of the cis (16) (28%) and trans (18) (24%) forms. However, the reaction of 5 with 6 under the above reaction conditions did not give a satisfactory result [5% yield as a mixture of the cis (17) (3%) and trans (19) (2%) forms] (Chart 1 and Table 1 ). The stereochemistries of the ring juncture in 16-19 were confirmed by deriving the corresponding N-methylated adducts from them as follows. Methylations of 16-19 with methyl iodide and KF-alumina 3d) formed the corresponding N-methylated adducts, which were identified as cis -4a,5,8,8a-tetrahydro4a-methoxycarbonyl-2,6,7-trimethyl-1(2H)-isoquinolone (20) , 3a,b) 10, trans-4a,5,8,8a-tetrahydro-4a-methoxy-carbonyl-2,6 ,7-trimethyl-1(2H)-isoquinolone (21), 3a,b) and 13 by their spectral analyses, respectively. Consequently, the stereochemistries of the ring juncture in 16 and 17 are cis, and those in 18 and 19 are trans. Generally, DA adduct is a cis form according to the well-known Alder-Stein rule (cis principle). Considering the rule, it might be deduced that the cis-adducts (16, 17) were isomerized by heating to give the trans-adducts (18, 19) during the course of the reaction, since the cis-adduct [cis-4a-cyano-4a,5,8,8a-tetrahydro-2,6 ,7-trimethyl-1(2H)-isoquinolone (22)] obtained by the reaction of 1 with 8 was isomerized to the trans-adduct (23) under heating, but the reverse isomerization did not occur in our previous report (Chart 3). 3a,b) Next, we investigated the reactive difference between the alkylbutadiene (8) and the methoxybutadienes (6, 7) to the 2(1H)-pyridones (1-5) from the yields of the adducts of the present work and our previous papers, 3a-c) in which the reactions of 1-4 with 8 afforded the corresponding adducts in high yields (72-99%). Accordingly, it was proved that the reactivity of 8 was higher than that of 6 and 7. The structures of 9-19 were de-termined by 1 H-NMR, 13 C-NMR, IR, and MS spectral analyses.
Finally, we tried the synthesis of an isoquinoline alkaloid [6,7-dimethoxy-2-methyl-1(2H)-isoquinolone (24) 4) ] by our methodology. Our previous report 3a,b) showed that heating of 1 with 8 gave a mixture of 22 (31%), the trans isomer [23 (7.5%)], and the aromatized compound [2,6,7-trimethyl-1(2H)-isoquinolone (25) (17.6%)], which resulted by elimination of hydrogen cyanide and dehydrogenation during the course of the reaction (Chart 3). Considering that 25 was obtained, aromatization of 9 was carried out in o-xylene at 180°C for 3 d. Thus, the alkaloid (24) was produced by the same pathway as the above aromatization in 21% yield with 6-methoxy-and 7-methoxy-2-methyl-1(2H)-isoquinolones [26 5) (23%) and 27 6) (39%)] formed by eliminations of hydrogen cyanide and methanol from 9 (Chart 4).
In conclusion, we have developed an effective synthetic methodology for preparing methoxyisoquinoline derivatives by DA reactions of 2(1H)-pyridones acting as a dienophile. In addition, this methodology was applied to the synthesis of an isoquinoline alkaloid (24) and the desired 24 was readily synthesized in two steps from 1.
Experimental
Melting points were determined on a Yanaco melting point apparatus and are uncorrected. IR spectra were measured with a Perkin Elmer FT-IR 1725X spectrophotometer. MS and high-resolution MS (HR-MS) were taken on a JEOL JMS-DX303/JMA-DA5000 spectrometer. 1 H-NMR spectra were recorded on a JNM-GSX400, a JNM-EX270, and a JEOLJNM-PMX60 spectrometers with TMS as an internal standard. The coupling patterns are indicated as follows: s, singlet; d, doublet; dd, double doublet; ddd, double double doublet; m, multiplet; br, broad. Preparative TLC was carried out on precoated silica gel 60F 254 TLC plate (2 mm), Merck. Chromatography was performed on Merck Kieselgel 60 (230-400 mesh).
General Procedure for DA Reactions of 1-4 with 6 A mixture of 1 (1.61 g, 12 mmol) and 6 (6.84 g, 60 mmol) was heated in a sealed tube under the conditions as shown in Table 1 . The reaction mixture was chromatographed on a column of silica gel. The solvent of the first fraction eluted with acetone was evaporated. The residue was purified by preparative TLC over silica gel with ether-hexane (1 : 1) to give cis- 4a-cyano-4a,5,8,8a-tetrahydro-6 ,7-dimethoxy-2-methyl-1(2H)-isoquinolone (9). The reactions of 2-4 and 6 were performed in the same manner as described above to give cis- 4a,5,8,8a-tetrahydo-6,7-dimethoxy-4a-methoxycarbonyl-2- -4a-acetyl-4a,5,8,8a-tetrahydro-6,7 -dimethoxy-2-methyl-1(2H)-isoquinolone (11), and cis- 4a-benzoyl-4a,5,8,8a-tetrahydro-6 ,7-dimethoxy-2-methyl-1(2H)-isoquinolone (12), respectively. The solvents of the corresponding second fractions eluted with acetone were evaporated to recover 1 (38%), 2 (42%), 3 (4%), and 4 (58%), respectively. The yields of 9-12 are shown in Table 1 33.14, 34.46, 35.20, 4 2.55, 57.48, 57.23, 58.08, 106.45, 121.10, 132.10, 132.92, 136.98, 166.98 43, 32.55, 33.87, 42.25, 50.39, 57.24, 57.87, 108.17, 128.29, 128.39, 128.52, 129.12, 132.10, 132.42, 134.58, 135.48, 136.77, 170.54, 199.33 General Procedure for DA Reactions of 1 and 2 with 7 A mixture of 1 (0.8 g, 6 mmol), 7 (2.52 g, 30 mmol), and mesitylene (3 ml) was heated in a sealed tube at 160°C for 4 d. The reaction mixture was chromatographed on a column of silica gel. The solvent of the first fraction eluted with acetone was evaporated. The residue was purified by preparative TLC over silica gel with ether-hexane (1 : 1) to give cis- 4a-cyano-4a,5,8,8a-tetrahydro-7-methoxy-2-methyl-1(2H)-isoquinolone (14) . The reaction of 2 and 7 was performed in the same manner as described above to give cis- 4a,5,8,8a tetrahydro-7-methoxy-4a-methoxy-carbonyl-2-methyl-1(2H)-isoquinolone (15). The solvents of the respective second fractions were evaporated to recover 1 (47%) and 2 (45%). The yields of 14 and 15 are shown in Table 1 47, 30.98, 34.32, 34.46, 52.58, 54.23, 107.24, 121.73, 131.73, 132.11, 153.71, 167.39 General Procedure for DA Reactions of 5 with 6 and 8 A mixture of 5 (0.6 g, 5 mmol), 6 (2.85 g, 25 mmol), and o-xylene (3 ml) was heated in a sealed tube at 180°C for 6 d. The reaction mixture was chromatographed on a column of silica gel. The solvent of the first fraction eluted with acetone was evaporated and the residue was purified by preparative TLC over silica gel with ether to give cis- 4a,5,8,8a-tetrahydro-6,7-dimethoxy-4a-methoxycarbonyl-1(2H)-isoquinolone (17) and trans-4a,5,8,8a-tetrahydro-6,7-dimethoxy-4a-methoxycarbonyl-1(2H)-isoquinolone (19) . The second fraction recovered 5 (61%). The reaction of 5 and 8 was performed in the same manner as described above to give cis- 4a,5,8,8a-tetrahydro-4a-methoxycarbonyl-6,7-dimethyl-1(2H)-isoquinolone (16) and trans-4a,5,8,8a-tetrahydro4a-methoxycarbonyl-6,7-dimethyl-1(2H)-isoquinolone (18 18.56, 18.96, 29.27, 41.19, 45.09, 52.41, 109.02, 122.29, 124.21, 125.16, 172.86, 174.18 18.76, 18.86, 29.58, 40.36, 43.00, 45.79, 108.16, 123.36, 124.87, 126.23, 172.01, 172.65 Methylations of 16-19 MeI (0.01 ml, 0.164 mmol) was added to a suspension of acetonitrile (7 ml), 17 (29 mg, 0.109 mmol), and KF-Al 2 O 3 (16 mg, 0.273 mmol) under a nitrogen atmosphere. The suspension was stirred at room temperature for 2 d. The reaction mixture was filtered and the filtrate was concentrated in vacuo. The residue was purified by preparative TLC over silica gel with ether to give 10 (27 mg, 89%). Methylation of 16 (61 mg, 0.26 mmol), 18 (15 mg, 0.057 mmol) and 19 (70 mg, 0.298 mmol) was worked up in a similar manner as described above to give 20 (64 mg, 86%), 3a) 21 (64 mg, 86%), 3a) and trans- 4a,5,8,8a-tetrahydro-6,7-dimethoxy4a-methoxycarbonyl-2- 22.95, 31.23, 34.20, 41.34, 45.66, 52.67, 57.20, 57.50, 108.81, 131.15, 134.40, 136.71, 169.90, 173.71 Isomerization of 10 with LDA A 1.6 M hexane solution of n-butyl lithium (2.5 ml, 4 mmol) was added at Ϫ30°C to a cooled solution of diisopropylamine (0.56 ml, 4 mmol) in THF (3 ml). After being stirred at the same temperature for 15 min, the mixture was cooled to Ϫ78°C. A solution of 10 (562 mg, 2 mmol) in THF (2 ml) was added to the cooled solution, and after 5 min, the mixture was stirred at Ϫ78°C for 80 min. To the reaction mixture, MeOH (0.5 ml) was added, and after 5 min, the mixture was treated with saturated aqueous NH 4 Cl (1 ml). The mixture was stirred while warming to room temperature, and poured into 10% HCl (20 ml). The acidic mixture was extracted with benzene. The benzene extract was washed with saturated aqueous NaCl (10 ml), dried over Na 2 SO 4 , and evaporated. The residue was chromatographed on a column of silica gel. The solvent of the fraction eluted with hexane-acetone (4 : 1) was evaporated to give 13 (349 mg, 62%).
Heating of 9 A solution of 9 (340 mg, 1.37 mmol) in o-xylene (2 ml) was heated in a sealed tube at 180°C for 3 d. The reaction mixture was concentrated in vacuo and the residue was purified by preparative TLC over silica gel with ether to give 24 (Rfϭ0.08, 62 mg, 21%), 4) 26 (Rfϭ0.21, 60 mg, 23%), 5) and 27 (Rfϭ0.25, 100 mg, 39%).
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